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THE MATERIALS OF THE APPALACHIANS. 

BY E. W. CLAYPOLE, AKRON, OHIO. 

PENNSYLVANIA consists almost entirely of massive palae- 
ozoic deposits of sand and shale with a few limestones. 
These beds united reach a thickness greater than do those of the 
same age in any other known part of the world. Reasonably 
accurate measurements have given them a total depth in some 
places of thirty thousand to forty thousand feet. Westwardly 
they thin off, and on the Ohio line scarcely reach one-fourth part 
of this enormous depth. 

All geologists are agreed that this immense mass of sediment 
was deposited on the slowly subsiding bottom of the eastern part 
of an ocean covering the whole interior of North America, — the 
North American palaeozoic ocean, as it may be called for conve- 
nience. The extent and form of this ocean varied considerably 
at different times during its long existence, but taken as a whole 
it was uninterrupted sea. 

It is further a geological truth, so evident as to be now axio- 
matic, that all this vast mass of palaeozoic deposit was obtained 
by erosion from some contemporaneous palaeozoic land. Deposi- 
tion implies erosion to a precisely equal amount. For every ton 
of sand or mud deposited on the sea-bottom an equivalent ton 
has been removed from some land-surface. Sediment is not 
created. It is only removed. Hence all these huge Appalachian 
beds from which the mountains have been since carved imply the 
destruction of exactly equal masses of some more ancient land 
elsewhere. 
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It is further admitted, at least, I think, by all Pennsylvania 
geologists, that this ancient land, whose destruction supplied 
the materials for these immense deposits, existed to the east and 
southeast of the Appalachian region. It is sufficient to mention 
the increasing thickness of the strata towards the southeast and 
the greater coarseness of their material in the same direction, to 
convince almost every one that the palaeozoic land must be sought 
there. 

Having laid down these premises, I propose first to notice the 
immense mass of the Appalachian deposit. 

Pennsylvania contains at present about forty thousand square 
miles of surface. Of this about nine-tenths are covered with the 
palaeozoic rocks ; that is, about thirty-six thousand square miles. 
Since their elevation above water erosion has destroyed vast 
quantities, but, as said above, there is positive evidence that when 
they lay in horizontal sheets beneath the ancient ocean they 
measured from eight miles at the east to three miles at the west 
in depth. It cannot, therefore, be excessive to assume this west- 
ern measurement as an average over the whole area. If this be 
done, we find the palaeozoic deposits of Pennsylvania represented 
by a mass three miles thick and thirty-six thousand square miles 
in area. 

This estimate is far below the truth for the following reasons : 

i. As mentioned above, nearly the minimum thickness is em- 
ployed over the whole area. 

2. Vast quantities of material now lying outside of Pennsyl- 
vania, in Ohio and Western New York, are omitted. 

3. The corrugation and consequent contraction of the surface 
during the formation of the Appalachian earth-folds are disre- 
garded. 

The importance of this last fact must not be overlooked. In a 
paper by the author, read before the British Association at Mon- 
treal in 1884, and printed in the American Naturalist for 
March, 1885, the great diminution of surface which the region 
in question underwent during the process of crumpling was 
pointed out. Palaeozoic Pennsylvania was far larger than the ex- 
isting State. Could the strata be flattened out her area would be 
much increased. Could we iron out — to borrow a term from the 
laundry — her anticlines and synclines thousands of square miles 
would be added to her size. The distance from Pittsburg to 
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Harrisburg would be greater by many miles. The present Key- 
stone State bears to the original palaeozoic Pennsylvania some- 
what the relation which the skin of a shrivelled apple or potato 
bears to the same skin when plump and fresh. But of this no 
account is taken in the estimate given above. 

Turning now to the consideration of the land from which all 
this sediment was derived, we find that only about one-tenth 
part of the State can have been above water in palaeozoic days, 
and that this small portion lay in the southeastern corner. 
All the rest is covered with palaeozoic rocks. This means that 
the only visible source of the material of which these rocks are 
composed and which we have found is a mass of at least thirty-six 
thousand square miles in surface and three miles thick, is an area 
in Pennsylvania of four thousand square miles. Restore in 
imagination these massive sheets of rock to their original source, 
and it will be necessary to pile the material twenty-seven miles 
high on the palaeozoic land of the State in order to obtain a 
sufficient supply, — in order to build a quarry from which the 
rivers and sea-waves of that age could cut out the blocks which, 
when torn up and scattered, have composed the palaeozoic rocks 
of Pennsylvania. 

A correction may be made in the above figures on account of 
the probability that some of these sediments came from New 
Jersey on the northeast and Maryland on the south. Parts of 
both these States consist of archaean terranes now exposed and 
of others now covered with later mesozoic red sandstones. But 
if all the areas in both States are added to the possible archaean 
surface of Pennsylvania, they will not more than double it, and 
we shall still be compelled to assign an enormous depth (thirteen 
miles) to the eroded ancient land before sufficient material is at 
hand to form the palaeozoic strata of Pennsylvania, 

This, then, is the main factor in the great problem under 
consideration, the vastness of the mass that has been obtained 
from the archaean area in the southeast. I wish to take up now 
only a portion of the subject, one which can be treated in the 
short space here available. Among these heavy deposits there 
are, omitting some thin and local beds, four great sandstones, 
more or less pebbly. They are as follows in descending 
order : 

The Pottsville Conglomerate, Carboniferous. 
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The Catskill-Pocono Conglomerate, Upper Devonian and Lower 
Carboniferous. 

The Oriskany Sandstone, Lower Devonian. 

The Medina Sandstone, Middle Silurian. 

All these vary much in thickness in different places, but all 
are thickest and heaviest and contain the largest pebbles in the 
eastern or southeastern part of the district, and all thin out, 
more or less, towards the northwest. To assign to them an 
average thickness that would satisfy every one is, probably, im- 
possible, but the following attempt will be exact enough for my 
present purpose. No doubt can be entertained of their original 
extension over the whole Appalachian area, though all four have 
since been largely eroded. 

The Medina, with the Oneida, maintains its mass over most 
of its exposures in the State, showing less diminution westward 
than some of the other strata. It is two thousand feet deep in 
the Kittatinny, and more than that in the Bald Eagle Range ; 
so that an average of one thousand feet may be safely assumed. 

The Oriskany is the thinnest of the four, but its extent is not 
less than that of the others. In some places it reaches three 
hundred feet in thickness, but is usually much less. It may be 
therefore thrown out of our estimate of thickness altogether. 

The Catskill — most massive of all, reaching seven thousand 
feet in many places, consisting of sandstone and shale, and main- 
taining at its last descent beneath the Alleghany Mountains a 
thickness of two thousand six hundred feet — may, without 
danger of exaggeration, be considered the equivalent of another 
bed of sandstone one thousand feet thick. 

The Pdcono, varying from more than one thousand feet in the 
east to two hundred feet in the west, may represent another five- 
hundred-foot mass. 

A similar thickness may be given to the Pottsville, or Car- 
boniferous Conglomerate, and we shall then have, as the equiv- 
alent of the great palaeozoic sandstones of Pennsylvania, about 
three thousand feet of sandstone, — a low estimate. 

The Catskill and Pocono, having no soft beds between them, 
may, for our present purpose, be counted as one sandstone mass. 

In all these sandstones a part of the mass consists of pebbles 
of milky quartz. This feature in the Pottsville, Pocono, and 
Lower Medina is so strongly developed that they usually bear 
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the name of Conglomerates. The pebbles vary in size from that 
of a man's fist or larger in the east to that of a hazel-nut or a 
pea in the west ; but they extend over the whole area, and form 
a considerable part of the mass of the rock. They are as con- 
spicuous in Ohio as in Pennsylvania, and everywhere closely 
resemble one another. 

It would be impossible to form any just estimate of the quan- 
tity of these pebbles in the mass of the sandstone. In the first 
place, their occurrence is uncertain. Over large areas much of 
the rock is free from them, except in certain, or rather in un- 
certain, layers ; and, secondly, almost everywhere except in the 
east their proportion, even in the conglomeratic beds, is very 
variable. Not unfrequently they form seventy-five per cent, of 
the stone ; at other times only an occasional pebble is present. 
But, scattered as they are over so great an area and through so 
great a thickness of strata, their whole quantity must be enor- 
mous. Were we to assume that they compose only one per 
cent, of the rock they would equal a bed thirty feet deep, with 
an area of thirty-six thousand square miles. 

Moreover, their rounded form, without a remaining angle in 
any case, proves two points, — first, that the surviving pebbles 
have been greatly rubbed down from their original size, es- 
pecially in the west, and, second, that innumerable fragments 
have not survived at all, but have been ground into sand by the 
wear and tear of their long pilgrimage over the ocean-bottom or 
beach. 

In whatever way we regard them, and from whatever point of 
view, no doubt can be entertained that these pebbles of our 
Pennsylvania Conglomerates represent, in the whole, a huge 
mass of milky quartz, and that this, in like manner, represents a 
larger mass of the same material, from which, by crushing and 
rolling, they have been derived. Every one is a monument, so 
to speak, to the memory of an angular block, broken, at some 
far-distant day, from its parent-ledge, and rolled for years among 
stones and sand until it was reduced to a smooth, small pebble, 
and buried to rest in the Conglomerate Rock. 

Where was this mass of milky quartz, the parent of the un- 
counted pebbles of the Conglomerates of Pennsylvania ? Milky 
quartz is not a common mineral in large quantities. I know no 
source to which they can be ascribed except certain ledges of 
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this material in the South Mountains, where the pre-palaeozoic 
rocks rise to-day from beneath the overlying strata. 

Here, and here only, in Southeastern Pennsylvania can be 
found the white vitreous quartz of which they are uniformly 
composed. No other rock can have supplied them. There is 
abundance of quartz in the gneisses near Philadelphia, and in 
Chester and other counties, but this quartz is not of the kind 
from which these pebbles are made, nor does it occur in masses 
sufficiently large to supply them. Some of the other materials 
of the palaeozoic sandstones may be ascribed to the destruction 
of the gneiss-rocks. For thewhite pebbles, however, this origin, 
is not possible. 

But though I have thus tracked these pebbles of the Pennsyl- 
vanian Conglomerates to their only possible source in the south- 
east, a serious difficulty stands in the way of further progress. I 
have, without giving figures, dwelt on their enormous quantity 
and the vastness of the mass of quartz which they represent. 
Now, the quartz-ledges of the old rocks in the South Mountains 
are not thick, measuring only a few feet in most cases. Nor are 
they numerous. They could never furnish quartz enough to- 
supply even the existing pebbles; and the extinct pebbles — 
those ground down to sand — must have been even more than 
those now surviving. If we break up all the quartz-ledges at 
present existing in the South Mountains, and eke them out with 
the quartz-veins penetrating like threads the mass of the other 
strata, these, when rounded into pebbles, will sink into utter in- 
significance beside the mountain which would rise were all the 
remaining quartz-pebbles of the Pennsylvanian Conglomerates 
collected into one place and piled together. 

In conclusion, then, it follows from the facts here put forward, 
whether the figures given be exact or not, that an almost in- 
credible amount of material was eroded from the archsean land 
of North America during palaeozoic days. In no other way can 
we account for the enormous palaeozoic deposits of the Eastern 
and Midland States. Yet it is not probable that the land ever 
stood at any dizzy height above the sea. The slow secular de- 
pression of which we have so abundant evidence from every part 
of the globe, and which in this very region has carried Middle 
Pennsylvania down at least thirty thousand or forty thousand 
feet below its former level, is quite sufficient to account for the 
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phenomena. Let but the sea-margin, which was the loaded area, 
sink somewhat faster than the dry land, which was the lightened 
area, and we have all the conditions that were needed for the 
erosion and denudation of the relatively rising surface to any 
required amount. The only limit is some physical change which 
could put a stop to the rising of the one or the sinking of the 
other, and this came at the end of palaeozoic time, when the 
Appalachian trough became full. 

Another conclusion may be drawn from the facts stated in the 
second part of this paper. I have pointed out the enormous 
quantity of white vitreous quartz-pebbles that lie in the palaeozoic 
sandstones of Pennsylvania, and have shown that their only 
possible known source is the quartz-ledges of the South Moun- 
tains. I have also shown that this source is very small when we 
consider the total mass of the pebbles. It follows, therefore, that 
at the time when these pebbles were made — that is, during the 
palaeozoic era — there must have been a larger supply of white 
quartz to afford their material. In other words, the pre-palaeozoic 
rocks, with their quartz-ledges, must have been much more ex- 
tensive then than they are now. The narrow strip along the 
South Mountains and their continuation in Pennsylvania, New 
Jersey, and Maryland, so far as the present subject is concerned, 
can scarcely exceed one thousand square miles in area. It is 
hard to avoid the inference that vast masses of ancient strata 
have totally disappeared from this region. Possibly such masses 
existed, overlying more or less of the archaean area in the 
southeast. If so we have at the same time a sufficient quarry 
from which the rains and waves of that age could obtain their 
material and a body of rock hard and thick enough to keep 
them employed during those millions of years. 

Any attempt to discuss further the place and extent of this 
land-surface must be reserved for another time. It may have 
overlain more or less of the soft gneiss-rocks of Pennsylvania and 
have been since removed. It may have been crumpled into anti- 
clinal folds with the gneiss, as are now the palaeozoic rocks ; or it 
may to a greater or less extent have been contracted in area by 
the tremendous lateral compressing force to which this region has 
been subjected. Or, again, one portion to the east may have been 
shoved over on another to the west, as has happened, we now find, 
in other parts of the State and in other places in the world. All 
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this must be left for further investigation. My purpose in this 
paper has been to show that the sandstone beds of Middle and 
Western Pennsylvania imply the past existence of quartz-rocks 
more extensive by far than their present remains would indicate, 
and that the white pebbles of these Conglomerates imply an im- 
mense extension of the ledges of milky quartz that are now to be 
seen in the rocks of the South Mountains. 

In the map and section accompanying this paper an attempt is 
made to represent to the eye the leading facts in the argument. 
It is of course quite impossible to draw the latter to scale, nor 
would any useful purpose be served by the attempt. The un- 
colored portions show the soft beds lying between the sandstones, 
which are really in most cases thicker than the sandstones them- 
selves. The only points which the section is intended to bring 
out are the profound Appalachian trough in which the palaeozoic 
sediments were deposited, the westward thinning of all, both sand- 
stones and shales, and the fining of the Conglomerates in the 
same direction. 
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